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I, RUCKETS AND ARTIFICIAL EARTH SATELLITES

"Sovelokiy Flot" Spogulate i e Tronds in Space Exploratio

The mastery of wpuco haus now movod fur ahead because of the ouccesoos
of advancod Soviet scienco and technology, The surface of the Moon hap already
been reachod; oxtremely valuable data has been collected about the Universe;
the boundless oceun of spuce has been visited by history's first interplanetary
otation; tho roverse side of the Moon has been photographed; the Earth's
largest artificlal satellite has made more than 10,000 revolutions around
our planet., After those successes it is useful to sum up the principal
attainments of recent years of active storming of cosmic space.

People have long beon striving to pgpatrate into the upper layers of
the ailr ocean, But these attempts had 1?@%10 succoss, because scientists did
not have at thelr disposal the lifting apparatus capable of delivering instru~
ments to great altitudes., Things changed radically when the first research
rocket was launched and lifted a half-ton load to an altitude of about a
hundred km, This was accomplished in 1947, Thereafter the height of
ascent began to increase by leaps and bounds. It.suffices to mention that
within a period of ten years the world's first artificial earth satellite
had been put into orbit, and two years later a Soviet cormic rocket delivered
to the Moon's surface a ponnant bearing the crest of the country of victorious
socialism, - .

The flights of the rockets rapidly supplemented the knowledge of scientists
about the high layers of the atmosphere, Owr ideas rapidly changed abcut the
lonoaphere, which plays so decisive a role in the propagation of radio waves.
We found out that the ionosphere does not have a layered structure, as had
been assumed earlier, but is a continuous mass of ionized gas extending from
a height of 60 km to 500 km or more. We supplemented our information about
the distribution of pressure, density and temperature in relation to altitude.
It was found, for oxample, that the temperature of the gas at altitudes of
400 to 500 km is 2,000 to 2,500 degrees. Due to the great rarefaction of
the medium at these altitudes — its density is tens and hundreds of billions
of times less than at the Earth's surface — this high temperature exercises
practically no influence on the body of a rocket or satellite,

The rockets have yielded data on the short-wave ultraviolet radiation
of the Sun; we had known virtually nothing about this radiation because it
does not reach the Earth's surface, being absorbed by the atmosphere, This
and much other important information was necessary to science and to the same
important degree — to practical activities: they are used by radiomen
making long-distance radio connections, by planners drawing up designs for
alrcraft, by engineers computing the trajectories of flight of satellite

vehicles, etc,

CPYRGHT
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llowovor, rockets could not accomplish a number of inveustigations
nocousary to modern-duy solonco: thoy passod too little time ut grout altitudeos,
Thoy were unable to accomplish everything in tholir 3 or 4 minutes of useful
f1light, But with tho launching of tho first Soviet artificial earth satollito
thore began a planned and diversifiod study of the cosmic spuco surrounding
tho Earth. ,

The boundaries of the atmosphere have aguin beoon pushed outward: we
nov considor that the atmosphere has a greater extent and attains altitudes
on the order of 2,000 to 3,000 km above tho Earth's surface, At these
immense altitudos the lonosphere is still completely measurable, It is clear
that it is composed of lons of atomlic oxygen.

A new and unexpocted phenomenon has been discovered at these same
altitudes: belts of high-energy particles. These particles (protons, electrons)
have been captured by the Earth's magnetic field and are therefore concentrated
in cortain belts, Satellites have made it possible to discover the lower
boundary of two such zones, To investigate their configuration it was necessary
that measuring instruments penetrate through these belts, that is, travel
immense distances from the Earth -- 50,000 to 60,000 km =~ into the regicn of
interplanetary space, where the influence of the Earth's magnetlic field is
no longer felt,

Data from the third satellite demonstrated that the equatorial inner
radiation belt of the Earth consists of high-energy protons of tens or even
hundreds of millions of electron-volts; interesting data were also derived in
respect to the distribution of heavy nuclei in primary cosmic radiation. It
hup been established that the density of the upper atmosphere at levels greater
than 200 km is considerably greater than was earlier assumed,

To investigate cosmic rays and the corpuscular rediation of the Sun it
wag also necessary to carry measuring instruments out beyond the limits of the
percoptible influence of the Earth's magnetic field., After having at their
disposal the experience of the development of the third earth satellite,

Soviet scientists could really deal with the problem of lunar research, Then
three Scviet cosmic rockets were sent into space, one after another. .

The world was shaken by the unprecedented power of our rockets and the
almost fantastic precision of their placement in orbit, Indeed, in order for
a rocket to hit the Moon it was necessary to regulate its speed of flight
with an accuracy to 1/100 4, hold the direction with an accuracy of 4 degree
for all spatial axes, and not permit the moment of launching to differ from
the computed moment by more than several seconds! This 1s something to
marvel at!

But the world was still more amazed when the third cosmic rocket was
launched from the territory of the Soviet Union, sending an automatic inter-
planetary station along the route Earth-Moon-Earth, As is well known, the
Soviet interplanetary station sent back photographs of the invisible side of
the Moon, These photos enable us to answer many questions of acute interest
to science: what are the details of the Moon's surface, what are the strange

-2~ CPYRGHT
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wihlte bolts radiating outward £rom cortain oraters (olrques) on the Moon's
surface, what 1s tho nuture of tho craters themselves -~yolcanic or meteorie,
and othors,

Interplanetery spuce is a highly rurefied gaseous medium. On the averago
each cubie centimetor of spuce holds a total of about a hundred gaseous
moleculos, Thorefore the interplanetary medium is freely penetrated by
various radiations and especially by radiations from the Sun (electromognetic
waves and corpuscular radiation), Because of this the cosmic ocean is
becoming a laboratory in which scientists can study under natural conditions
all kinds of processes of interaction of radiation with rarefied matter,

But interplanetary space is not occupied by gas alone — it abounds in
golid matter — meteoric particles of different sizes. Dust and larger particles
play a dual role in interplanetary space: firset, they can change the physical
properties of tho medium, increasing its temperatwre, changing its electrical
properties, and Introducing new elements into the process of interaction of
radiation with the medium; second, particles with a size greater than one
millimeter constitute a danger for interplanetary space ships,

These particles drift in different directions through space at speeds on
an order of 30 km/sec, Becauge of such great velocities they possess sur—
prising penetrating force: a particle with a radius of 0,5 mm is capable of
penetrating through an aluminum shoet 1 cm thick, with a radius of 2 mm — a
sheet 5 em thick, while a particle with a 5 mm radius can penetrate an
aluninum plate 11 cm thick! An encounter with such an "emissary" of space
would be an unpleasant experience for an interplanetary space ship, Fortunately,
the probability of such an encounter is very small; particles even with a 0.5 mm
radiuvs are encountered very rarely in interplenetary space,

On approaching the Earth, the interplanetary station of the future can
acconplish Merrestrial" work, The principal task will be the study of the
previoualy-mentioned belts of high-energy particles., By repeatedly penetrating
the belts in different directions, the station car do a good job of investi-
gating their configuration and change in time, Such work is especially im-
portant for finding safe routes in interplanetary space, The first Soviet
cosmic rockets have already accomplished something in this direction, It has
become clesar that the belts have their maximum development around the Earth at
distances of 2,000 and 20,000 km from the equator, The inner belt surrounds
the planet in a btroad belt, "covering™ all the middle latitudes, that is, ex~
tending approximately from 60° N,, to 60° S, The outer belt encircles the
Earth to somevhat higher latitudes, Thus, the circumpolar regions are free of
these dangerous belts that contain a large number of high-energy particles,

A safe exit into outer space will evidently lie from polar "rocketdromes",

On approaching the Earth, at distances from 5,000 to 10,000 km, the
interplanetary station can transmit valuable information about the ionosphers
and the uppsr layers of the Earth's atmosphere, Near the Earth the station
can make observations of a whole series of other interesting phenomena,

-3 -
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II. UPPER ATMOSPIERE

Aurora of a Raro Type Obuerved Near leningrad
On 25 February 1959, in the viocinity of leningrad, an intense eurora of
. oxceptionul beauty was observed in a rather rare form, especlelly for the

latitude of leningrad.

. I chanced to obserwve this aurora at Zelenogorsk, 40 km to the northwest
of Leningrad, The glow of electric lights over leningrad was far to one side,
the evening was clear, calm and cloudless; the conditions for observation wera

good,

The first traces of the aurore were noted at 1955 hours (all times in
this orticle are Moscow time), In the northeast, at an altitude of epproxi-
mately 60° , there was a small, bright, cval, weakly phosphorescent cloud,

In the northwest, at the same altitude, there were twn clouds, one above the
other, tilted toward the horlzon; the lower cloud was greatly elengated, The
pleture descrited lasted 7-8 minutes, but the brightness of the clouds con-
stantly increaged and stars of the second and third magnitude could not be
soon in these sectors of the sky. The clouds were very beautiful and glowed
with a delicate faint green light (it should be noted that the predominant
color of auroras in the temperate latitudes is red, resembling the reflection
of a distant fire), Although these phosphorescent clouds did not appreciably
change thelr position in the sky, they appeared to be moving, even alive;
thig was due to a frequent, a'most visually imperceptible flickering, which
intensified, creating the psychological effect of antitipation of something
wnuounl, In actuality they began to rise rapidly at 2005 hours and the raylike
pillars also began to disappear rapidly, They rose from beneath the horizon,
extended higher and higher, moving at the same time, and finally reached the
zenith,

The aurora attained its maximum brightness and intensity at 2010~-2015
hours. It seemed as if about a dozen searchlights were moving throuvgh the
sky, but with this difference, that the farther a searchlight beam is from
the horizon, the wider it is, whereas here the beam of lightl narrowed in an
upward direction, as if the searchlights were situated direcltly over the
observer's head, From time to time the column of light was seemingly cut by
: scmething similar to a colossal scissors, but after a fraction of a second it
again fused into a single glowing column, The horizontal and tilted bands and
clouds were no longer visible and the entire sky (except the southern sector -
from the horlzon to the zenith) was encirclel by a gigantic glowing corona;
running through this corona were flickering colored waves, from a delicate
greenish-yellow to & purple-lilac, The sector of the black sky in the south
with the blue Sirius, reddish Betelgeuse and the string of stars called Orica's
belt, emphesized the bewiltching beauty of the picture.

- a -
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The aurora bogun to woanken at 2017-2020 hours, but in the zenith tho con-
vorging rays formod a bright semicirole of somewhat irregular form in the shape
of u letter "C"; its angular dimensions wore no greater than 1°, At 2030 hours
‘the radiant pillars no longer roached the zenith, their color became calm,
oven and homogoneous, and the intervening stretches of black night sky with
their bright stars became wider and wider; at 2035 hours the corona becamo hard
to diotiuguish und disappeared,

Auroras aro only visible ut Ieningrad on 5% of all clear nights (on an
average f-r many yoars) and thon are usually faint, The corona is most
commonly observed in northerly regions, close to the geomagnetic pole, where
magnetic lines of force are almost perpendicular to the surface of the Earth.

It should be noted that the aurora which we observed was not only beauti-
arc,

("Visual Observation of an Aurora in the Form of a Corona", by R. V, Abratov,
Priroda, No, 12, 1959, pp. 112-113)

The apparatus for investigation of radiation carried aboard the second
Soviet cosmic rocket, launched to the Moon on 12 September 1959, was designed
to collect new data concerning the Earth's outer radiation belt, to record

cosmic radiation along the rcute from the Earth to the Moon, and t¢jidiscover a
lunar radiation belt, if such existed,

The number of instruments and the range of measurements was greater than
in the first cosmic rockbiy(l). In addition, a part of the radiation-recording
instruments were installeéd outside the air-tight capsule (at a distance of 56
cm from its surface); this permitted a considerable decrease in the shielding
of these instruments,.

The full array of measuring apparatus consisted of 6 gas-discharge
counters and 4 scintillation counters,

The following instruments were situated within the capsule:

1, Scintillation counter A (detector -- & cylindrical orystal of sodium
iodide 39.5 X 40 mm in size). This instrument recorded the full ionizatlon
created by the ionizing radiation in the crystal and the counting rate of the
pulses corresponding to differing energy release in the crystal:’> 60 Kev —
I threshold; .2 600 Kev — II threshold and > 3.5 Mev = III threshcld,

2, A gas-discharge counter 4 with operating dimensions of 1 X 5 cm,
surrounded by an additional shield of copper l.5 mm thick,

-6 -
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3+ A gao-iischargo counter 5 with operating dimensions of 1 X 5 om,
surrounded by additional shielding of 3 mm of lead and 1 mm of aluminum,

Those three ingtruments were situated within an aluminum housing with a
thicknoss of 1 g/en?. In addition, ubout 203 of the full solid angle was
covered with thicknesses of materials10 g/cm<,

The following instruments were installed outside the ocapsule:

‘ 4. A sointillation counter B (detector —- a cylindrical crystal of solium
iodide 39 X 40 mm in size)., This instrument recorded the full ionization
created in the orystal and the counting rate of pulses, corresponding to
verying energy release in the orystal:); 45 Kev — I threshold and > 450 Kev —
IT threshold, The c;gstal of this counter was shielded by aluminum wi;g a
thickness of 0,8 g/om*, while a greet amount of material (up to 10 g/emt) wae
only covered by about 5% of the full solid angle. |

5. A scintillation counter C (detector —— a crystal of caesium iodide
with a thickness of 3 mm and a diameter of 30 mm, covered on the side tu§ned
toward free space with a layer of aluminum with a thickness of 1.2 mg/cm
The instrument recorded the total ionization created in the crystal,

6. A gas-discharge counter ) in a shield with a thickness of 3 mm of
lead plus 1 mm of aluminum with an aperture with an area of 0,28 em<,

7. A gas;dggcharge counter 2 in the same shield with an aperture i ving
an area of 1,6 cm®, covered by a copper foil with a thickness of 0,2 mm,

8., A gas-digcharge counter J in the same shield with an ~perture having
an area of 1,6 en“, covered with a copper foil 0.5 mm thick,

In addition, the apertures of counters 1, 2, and 3 were covered on the
ouiside with an aluminum foil 0,2 mm thick, The thickness of ;the walls of all
the counters was 50 mg per 1 cmz of stainless steel, ‘

. Counters 2 and 3 only operated in the belt of high intensity., After de-~
parture from this belt the corresponding telemetering channsls were used for
the transmission of information about the counting rate in tie scintillation

couaters (thresholds I and II). The indicated change in the program of
) measurements was made at a determined intensity of radiation, for which within

the capsule there was still another counter (without additional shielding). ,
The switching of the program was adjusted to the counting rate of this counter,
about 500 pulses/sec, The electronic systems of all instruments were made
with semiconductors, ghe discriminating power of the scaling circuits and
discriminators was 107~ sac,

—7-
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This article partially sets forth the results of the preliminary processing
of measurements in the range of distances 9 120,000 km from the center of the
Earth, and in the circumlunar area beginning 40,000 km from the Moon's surfase,

1. Data relative to the spatial arrangement of the radiation belt. Fifure
1 shows the trajectorics of the first and second cosmic rockets relative to the
Earth's magnetic field and the results of measurements of ionlzation., The
rocket trajectories differ from one another to an insignificant degree: the
part of the second cosmic rocket passes through the bel’ of high intensity by
200- 300 km closer to the plane of the magnotio equator than does the part of
the first rocket, The indiocated displacement of the trajectory cannot he
responsible for the change in form and the displacement of the apex of the
curve, giving a dependence of intensity on height of flight, but only aggro=-
vates this difference,

The general piloture of deformation of the zone of high intensity for 12
September relative to its position on 2 January, amounts to a displacement of
the zone in the direction of the inner regions of the magnetic field, The maxi-
mum intensity on 12 September was observed at a distance of 17,000 km from the
center of the Earth on line of force 59° and on 2 January at a distance of
27,000 km on line of force 63°,

Wkat are the reasons for the observed deformation of the outer radiation
belt? It should be noted that the flights of the first and second cosmic
rocketas were made along trajectories extremely close to one another in respect
to geographical coordinates, but substantially different relative to direction
toward the Sun; this could show a systematic deformation of the Earth!s
magnetic field, It is more probable, however, that the deformation of the
cuter radiation belt is associated with the variabls character of corpuscular
curreats from the Sun and, accordingly, with the variable character of in-
jection of particles into the belt of high intensity., In favor of this there
is the observed difference in the experiments of 2 January and 12 September in
the energy spectrum of the particles and also a comparison of the general
variation in intensity with data derived during the flight of the American
rocket "Pioneer=3" (2), In the latter case the fligit pabh;in respect to the
direction to the Sun was close to the trajectory of the first Soviet cosmic
rooket, but, nevertheless, the maximum intensity was recorded at a distance of
22,000 km from the center of the Earth on the line of force intersecting the
Earth's surface at geomagnetic latitude 57°, that is, in the best agreement
with the data of the flight c¢f the second cosmic rocket, and not with the first,

2, Composition of radiation in the Earthl!s outer radieation belt., Figure
2 shows the readings of some of the instruments in the second cosmic rocket in
relationship to distance to the centexr of the Earth,

-8 -
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The counting rute of the sointillation counter with a threshold of 3.5
Mev (curve I) sonfirms with considerably better ascuracy than on the first
rocket that particles with a path of several grams per 1 om® are absent in the
outor belt, The small (30%) inorease in the counting in the region of the
maximum in this case 1s possibly due to superimposed pulses of lesser amplitude,
Thus, a current of electrons with an energy of 5 Mev (or protons with an
energy of 30 Mev) even in the maximum of the belt constitutes less than
1 part/cm<+gec, |

Substantially new data was revealed from the readings of the gas-
dilscharge counters 4 and 5, situated within the capsule and shielded by
additional filters of copper and lead (ocurbes II and III), The data of the
sointillaiion counter, with a threshold of 3,5 Mev, shows that the iuncrease
in counting in counters 4 and 5 cannot be caused by charged particles pene—
trating through the housing of the capsule; this means that both counters are

~pecording photons, Inasmuch as the intensity of counting in counters 4 and
% differs by 1} timcs, it is necessary to aseribe relatively high energy
more than 300 Kev) to these photons,

In principle 1t is possible to propose two explanations for the appear-
ance of photons of the observed energy: 1) due to the Roentgen radiation of
electrons with an energy on the order of .106 ev or 2) due to the bombardment
of the housing of the capsule with protons with an energy of 10 Mev,

The tirst possibility seems the most probable at this time, But even . . -
in this case the energy spectrum of the particles (electrons) is extremely
uwnexpected, Evaluation of the current of electrons with an energy of 1 Mev ..
in the maximum according to the readings of counters 4 and 5 gives a value of

5°1.05 part/cmResec; the current of electrons with an energy of 5 Mev, as
already mentioned, is less than 1 part/cm<esec. .On the other hand, in
experiments in the first cosmic rocket there was discovered an extremely
large current of electrons with an energy of 20 -Kev, to whit: 1010. part/
cm2sgsec, This soft part of the spectrum of the electrons was also dis-
covered ln an experiment in the second cosmic rocket with the aid of
scintillatiun counters, In the maximum it is expressed more weakly than was
true on 2 January, but nevertheless apparently gives an appreciable contri-
bution in the readings of counter 1 (Figure 2, curve IV),

Thus, data was derived on the existence of two energy groups of particles:
electrons with an energy of 20 Kev and electrons with an energy of 1 Mev
(or protons with an energy of . 10 Mev)., Evidently the mechanism of formation
of both groups is substantially different. The energy of the particles of o
the first group is close to the mean energy of the protons of the corpuscular
currents from the Sun and this ennbles us to assume the establishment of a -
thermodynamic equilibrium between protons and electrons in the process of
their intrusion into the Earth's magnetic field., On the otber hand, the
formation of the second group is evidently due to non-equilibrium processes.
‘We observe that the pulsen of the second group are close in valne to the

-9-,"
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pulges of the protons of the corpuscular ocurrents, and also to the pulses of
electrons arising from the decay of albedo neutrons.

3. Search for high radiatior. near the Moon, During the flight to the
Moon, right up to a distance of 1,000 km from its surface, there was not dis-
covered any increase in the intensity of radiation within the limits of the
10% of cosmic nackground, The receipt of precise date in the range of
distances from O to 1,000 km from the surface of the Moon was made difficult
by the brevity of the flight in this sector, but even at these heights no .
considerable increase in intensity was discovered,.

If we compare the intensity of radiation in a hypothetical lunar radiation
belt in relation te the maximum of the Earth's outer belt from the readings
of the moet sensitive deteotors of soft radiation — ecintillatign counters,
then for heights 1,000 km we get & ratio of intensities of 10~° or less, for
heights of 0 1,000 km ~-10~4 or less, Thus, it may be assumed that to all
intents and purposes & lunar radiation belt does nat exist,

4o Measurement of intensity of cosmic rays, Af‘ter departure from the
Earth's outer radiation belt (beginning with a distance ¢f 70,000 km from the
center of the BEarth) and in the oiroumlunar seotor, all %“he instruments re-
corded constant intensity. The arrangement of part of the instruments outside
the capsule gave a perceptible result in the sense of a deorease in the contri=-
bution of secondary radiation formed under the influence of cousmic rays in
the surrounding material, Figure 2 shows the results of measurement of ioni--
zation within the capsule (curve V) and outside the capsule (curve VI), If
within the radiation belt curve VI is considerably higher than curve V, due
to the absorption of relatively soft radiation, then outside the belt of soft
radiation the effect, as might be expected, s the reverse, A similar result
was derived by using other parameters, A summary of data of the intensity of
radiation outside the Earth's magnetic field i1s given in Table 1, CPYRGHT

Table 1(2)

Date Location of Gas-discharge  Scintillation Ionization in crystal
the instrument counters counters weighing 180 g (ev/sec)
intensity {gart/ tiresh~ inten~
em?+gec) old sity
ener )
(Kev): :
2 January Inside 2,3:0,1 4500 1,9.0,1 9
1959 capsule 450  3,0,0,15 . (1,42.0,05)°10
| | 45 6,75:0,3
12 September Inside 2,46,0,12 3500  2,12:0,1 | 9
1959 capsule 2,46,0,13 620 2377.._0,15 (1,55.0,05)10
12 September  Outside 1,98,0,13 450  2,02-0,1 (1,15.0,05)+107

1959 capsule

- 10 -
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(1) The orrors churaoterize maximum scattering in the ares of the deteotors,
(2) Counter vith additional phield of 1.5 mm of Cu, (3) Counter with
additional shield of 3 mm of Pb, (4) Indicated is the number of pulses per
socond, rolatod to a unit aroa of the orystal (19 em*),
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Fig 1. Trajectories of the rockets relative to the
Earth's magnetic field. The vertical lines resting

on the trajectories represent the intensity of radia-
tion at a given point of the trajectory. In the draw-
ing, the magpetic force lines are shown intersecting the
surface of the Earth at the geomagnetic latitudes 50,
55, 60, 65, and TO degrees (the magnetic field is assumed
to be tie field of & dipole of a geomagnetic pole with
the coordinates 78.5 N.and 69 E.
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Fig 2. The relationship of the intensity to the distance.
to the center of the Barth. I, III-threshold of scinti-
llation counter A; II, counter 4, with a 1.5 mm copper -
screen (inside the container); III, counter 5 with a 3 mm
lead screen; IV, counter 1 with an aperture diaphragm
made of 2 mm thick aluminum (inside of the zone the area
of the dlaphragm was teken as the effective area); VI,
ionization in crystal B; VII, ionization according to
tl: data of the first crsmic rocket.

("Measurements of Radiation during the Flight of the Second Cosmic Rocket",
by S. N. Vernov (Corresponding Member of the Academy of Sciences of the USSR),
A, Ye Chudakov, P, V. Vakulov, Yu, I, Logachev, and G, Nikolayev, Doklady
Akademii Rauk SSSR, Vol, 130, No. 3, 1960, pp. 517-520)y %
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The road rose higher and highor into the mountuins, No, it 4s not an
ordinary highway or path snuking its way between mountain ridges, It is
like a high-voltage line running from mast to mast in tho form of steel cables,
Small colorful ours are spoeding ulong thom,

The familiur landscape of tho oarth was now far below., At this altitude
everything looks grimmer: groat mountains covered with gray snow caps and
frightening yawning procipices frequently resounding with the ocho of powerful
avalanches,.,, And now tho clouds are ulso below, The air appears clear and
light, The car is rushing upward like & tireless alpine climber, And
suddenly around the bend,..

An unupual structure, resembling the legs of & mythical glant striding
through the mountain canyons, hove into view, It rises into space like the
anacient Tower of Babel suddenly come alive,

One might say that the traveler has almost reached his destination.
But here the travoler changes from the wagon to a fast elevator rising higher
and higher within a ferroconcrete shaft of an odd-looking tube, Hundreds of
moters flow past in the opposite direction and we finally find ourselves in
a huge transparent sphere. The latter, like the cockpit of a high-flying
plane, has its own temperature, and the people in it feel quite comfortable,

Tha open girder interlacement presents a strange pattern, and the
gigantic concave mirror adds to the fantastic sight., But where are we? In
a high-altitude observatory close to the future,

The reader might ask: what i3~the use of such a structure? Why raise an
observatory all the way above the clouds? The point is that the earth's
atmosphere makes astronomical observations difficult —~ the air is not as
clear as it may appear at first glance, Enormous quantities of dust specks,
air streams and, finally, the clouds floating in the skies prevent the
astronomers from performing their duties, No wonder that for many years they

have been trying to get up as high as poasible,

Wouldn't the peak of a mountain be high 2nough? It undoubtedly would,
but it is still better to have the telescope installed not on the mountain
itself but on a high tower, This precludes the influence of the mountain
massif on the development of intensive air streams, dust and other inter-

ferences,

But the miracle of the observatory above the clouds will be the telescove
itself, The Palomar Observatory telescope in the U.S. with its 5-meter
diameter mirror was considered the largest in the world,

-1 -
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A ntill more powerful teleocope is being projocted ard planned in our
country, Its mirror will have a diametor of six moters, Soviet sclentists
have found quite a few original and new solutions to thu problem, Thepe have
already been manifested in the design of a telescope with a 2,7-moter mirror
(for tho Crimoan astrophysical obwervatory) and a model telescope with o 0,7-
moter diameter (for tho Pulkovo obamorvatory), The optloal system of ithe teole—
ocope of tho fuluro obaorvatory has an enormous separative powsr — hundredtho
of a second of uroc, Tho precision of tho polished parabolic mirror will be
striking, one 20th part of a mioron, Unliko the mirror of the Palomur Obsorva-
tory telescope which is made of gluss, ours will be mudo of steol, If the
Amorican reflector weighs 20 tons, the soviet reflector will weigh twice as
much, But tho telescope itself will be half as heavy: the total weight of
the Palomar telescope is 1,000 tons, and ours will weigh 470 tons, It will
be equipped with a system of photo-~olectric transformers which will be con-
trolled by an electronic computer., Tho soviet telescope will be the largest
astronomical eye in the world., With this telescope it will be possible to
observe tho flight of satellites and space rockets, to study the moon and the

%lanets of the solar system and pepetrate the mysterios of the aptral univerge.
"Observatory of the Future®, unsigned article in Znanya ta Pratsya, Kiev,

No. 4, April 1960, page 17)

Study on leteor Trail Formation

The distribution of lonized gas during the vassage of meteor through the
upper layers of the atmosphere is considered by V. P. Dokuchayev, Scientific
Research Institute of Radiophysics as Gor'ky University, in an article in
& recent Soviet soientific periodical., A solution for the diffusion equation,
assuming the existence of a source of ions moving with a constant velocity at
a small angle to the horizon, is found., It is shown that the concentration
of plasma near the moving meteor is considerably higher than in the rest of
the trail, The conditions for whioh the trail can be approximated by a cylinder
with Gaussian distribution for concentration of plasma with radius were found,
("The Formation of an Ionized Meteor Trail," by V. P, Dokuchayev; Moscow,
Astronomicheskiy Zhurnal, Vol 37, No. 1, 1960, pp, 111-114) -
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Inber-flepubldc Conferonce of Woathor Foreoustors Hold in Tashkent

Is it possible to develop preciso methods for the predistion of ouch
phonomena of nature as strong winds, dust storms, thunderstorms and mist that
aro vo harmful for tho national economy? An affirmative answer to this question
has been given by participants at an Inter-Republic Conference on Regional
Woather Furecasting which terminated in Tashkent on 2 April, Participants do-
clared that the development of such methods is a matter for the years immediately

ahend.

The participants at this conference held at the Central Aslatic Scientific
Hydrometeorological Institute, included: workers of the administrations of
the hydrometeoroiogical services of the republics of Central Asla and Kazakhstan,
leading scientists of Moscow and Tashkent, representatives of the Main Adminis-
tration of tho Hydrometeorological Service of the USSR and the Main Geophysical

Obaservatory.
("Inter-Republic Conference of Weather Forenasters", Pravda Vostoka, 3 April

1960, p. 4

Newspaper Report on Soviet Meteorological Balloon

At 0845 hours the balloon "SSSR VR=75" rose into the air from the staging
area of the air navigation base of the Ceniral Aerologlcal Observatory.

The following persons occupied the open gondola of the aerial balloon on
its long flight: S, Semin, pilot first class, A. Kuleshov, aircraft radioman,
and F. Cheremisin, a scientific worker at the observatory.

The crew of the aerial balloon was faced with the task of maintaining an
altitude of ahout 1,000 meters for 10 to 12 hours; during this flight they
were to conduct scientific observations for the study ci air currents,

The wind caught the balloon as soon as it was aloft and carried it in a
northeastcrly direction, Radio communications were established with the balloon
within & few minutes. A radiogram was soon received in which the aeronauts re-
ported that the air temperature was —20° at an altitude of about 1 km.

At 1200 hours the balloon passed Noginsk and continued to drift eastward, |
Several experiments have already been made and have proven successful,
("Flight of the Balloon 'SSSR VR-75' ", Vechernyaya Moskva, 7 April 1960, p. 1)

-16 -
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"Liguid Water Content of Shower Clouds and Some Problomg of Shower Precinitation
cpyRtepavaoting” — A full truenelotion of o Soviet Report

Radar date and certain othor data have led certain othor authors to the
conclusion that the liquid water content in cumulus congostus, showor and thunder-
atorm clouds does not excoed 8 to 10 g/m3, and on the average is 2 to 4 g/m.
These data cannot be regarded as indisputable because no direct measurements of
water content in cumulus congestus and hail clc¢uds have boen made; indirect
methods of determining liquid water content suffer from many inadequacies, In
caloulations of the water content of clouds of this type no allowance is made
for gravitational coagulation and change in the velocity of vertical currents
with height; as a result, computed data of the water content of a cloud in com-
parison with the amount of falling precipitation have beon aonsiderably under-
estimated, Therefore the problem of the investigation of liquid water content
in cumulus and cumulus congestus clouds is of unquestionable interest, if onmly
for tho predictlon of amounts of possible shower precipitation and for the
development of physically based methods for influencing them,

let's try to compute the maximum liquid water content in cumulus congestus
clouds, using as a point of depaitgre the velocity of vertical currents by h?i ht
F 1
where W(z) — the velocity of the ascending current at ths lovel z; & — the
gradient velocity in m/secskm; Wy = the initial velocity when z = 0; z1 — the
level of maximum vertical velseity; the initiel point of the z axis is at the

Earth's surface,

There is a considerable accumulation of moisture near the top of the cloud
above the level of maximum velocitiei during the process of development of
cumulus and cumulus congestus clouds™. The weight of the accumulated moisture,
acting on the rising currents, deoreases the magnitude of the vertical velocity;
as a result, precipitation begins to fall and rising currents cease in the zom
of falling, The liquid drop fraction accumulated in the upper part of the
cloud seemingly "pours" out, "washing”™ away the lower fine-drop fraction. This
is responsible for the brevity of the fall and the intensity of shower precipi-

tation,.

The equation for the movement of rising air masses, the weight of the water
per unit volume considered, but without friction taken into account, is written
in the form

(F) (2)
where W — velocity;fp -— the mass of air per unit volume; g — acceleration of
the force of gravity; T! — the temperature of the cloud; T - the temperature
of the surrounding medium; z —— height; q -~ the liquid water content of the
cloud in g/cw’, Since we are interested in the maximum water content found in
the center of a cloud, and since data from prior investigations3 show that the

- 17 -
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vortical velocity in the contral part of a cloud changes only inoignificantly
in the horizontal plune, for tho aontral part of the cloud d¥/dt = W/dW/dz,
The water ggntontgin the lower part of the cloud, ao oxpirimenta show, 18
0.1-0,7+107° g/om’ up to the level of maximum velocities™, wherean at the
level zy it attains its maximum value,

Let's apsume that above the levol z3 the water content decreases linearly
to tho top of the cloud (zg). Considering that the wator content in the top

of tho cloud is q(zp) = 0, we get (F)

F
where s~ -~ tho water content gradient by hoight (we are examining stationary
distributions of water content, so that the process of change of water content
transpires far more slowly than the process of uplift of air masses),

Proceeding on the basis of the above, equation (2) can be reduced to the
(F) (3)
Integrating this equation, taking into account the change q with height,

deslignating the value of computed velocity determined from equation (2) without
consideration of water content Wp, ve get

(F) (4)
Since (F) ’ t?g? from equation (4) we get for W

form

(5)

To facilitate computations we estimate the mean water content of the cloud
at a range of altitudes from zp to zyg, at which W(2) = Vg, where Vg — the
velocity of the wvertical currents supporting drops with R =2,5 mm, at which slze
spatterirg begins, In this case the solution of the equation (4) assumes the

form
(F) (6)

From the equation (6) we get the mean value of the water content of a oumulus
conges*us cloud if we assume that

(F) (7)
where Wy, —— the computed maximum velocity of vertical currents at the level z
. ® (&

The falling of precipitation from a cloud can occur only in a case if at
all levels, and consequently at tie level of computed maximum velocity, the real
velocity of the rising currents becomes less than Vg, It is known ™ that et
heights of 3 to 4 km the value for Vg is about 10 m/sec. Thus, the maximum

possible mean water content of a clou? %5 determined by the ratio (9)
F ' : (9

-18 =
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Tho amount of fulling procipitation por l.cmﬁ, vithout consideration of
tho cougulution of drops in tho lower part of tho cloud and the evaporation
of falling drops from tho lowor boundary of tho oloud to the oarth's surface ig:

() (10)
An analysis of the oquation shows that the moan water contont of the ¢loud
. -- when the maximum vortical voloclties are the pume =~ ip the greater tho

more rapid is tho docrease in the value of tho speod of the vexbticul currents,
The docreuse 1ls detormined by the stratiflcation of the atmosphora,

Equation 10 shows thot on the basis of the above assumptions the amount
of falling preclpitation depends on the squure of the mean velocity ()
and does not depond on the sgize of the oloud.

The water content, computed by this method, using data derived by atmos-
pheric sounding, exceeds the value for wuter content derived by other authors,
Direct measuremsnts of the mlerostructure and water content of cumulus and
cunulus congestus clouds in 1958 on the Alazan Expedition by means of an
aerlal trap, showed that in the upper part of a cwmlus congestus cloud the
water content can vary from 20 to 30 g/mb; this agrees well with computed

data,

From equailon 10 we get the following values for the amount of shower
precipitation on days with hail:

W. m/sec 15 20 25 30 35 40 45
Q’ nm 2’0 4’5 7’5 ll’o 15,0 18,5 24,0

The cited computations of the amounts of precipitation falling from clouds
glve fair agreement with experimental data, although these values require
further checking because of the inadaquate number of experiments,

Proceeding on the basis of work (1) and equation (2), it is possible to
predict not only the possiblility of the fallirg of hail, but also the emount
of hail and shower precipitation and the sizes cf the hailstones,

* If the level of the 0° isotherm lies near or below the zone of maximum
rising currents, ths size of the falling hail is determined by the valus of the
naximun velocity of the rising currents W;, If, however, the 0° isotherm
. lies above the zone of muximum velocities, the dimensions of the hailstoneg

are dotermined by the wvalue of the vertical velocity at the level of the O

isothern,

Let's cite the results of investigations of the thawing of hailstones
falling through a 4-kilometer thick layer of air (=0 at a height of 4 km,
and t= 20° at the earth's surface; R —— the radius of the hailstone): :

-19 -
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Rintt1e1s OO 2 1 0.7
Reinnly O 1,75 0,65 0

As follows from these data, the groater the initial radius of the hail-
stono, the less (all other conditions being oqual) will be its change in
radius as a result of thawing when falling below the 0° isotherm,

Using data bused on radiosonde observations in the atmosphere, the con-
cluslons cited in w.rk (1), the equation (1), and the above-cited results of
investigution of hailstone thawing, it is possible to predict the probability
of the falling of hail, the possible amount of precipitation and the final

dimonalons of the hallstone.

A checking of this method by the use of data from past years ylelded

positive results,

--El'trus High-iountain Complex Expedition,
Institute of Applied Geophysics of ths Acad-
oy of Soiences of the USSR
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IV, OCEANOGRAPHY

Qgoanogra () Ho W

A plenary session of the Oceanographic Commission of tbe Presidium of
the Academy of Sclences of the USSR wus held several days ego., Sevoral dozen
reports and communications goneralizing the principal data collected by
Soviet scientists in the field of prediction and computation of physical
phenomena in the ocean were discussed at this session,

Aa oxpandcd session of the Oceanographic Co.mission ended yesterday.

Over a period of three days the scientists and representatives of the navy and

fishing industry discussed the results of the work of the First International

Oceanographic Congress. The following persons appeared at the session and

3 presented reports reviewing the present-day status of individual problems of
oceanographic study: L. A. Zenkevich, Corresponding Member of the Academy of

Sclences of the USSR; Profeasor A, G, Kolesinkov; M. V. Klenova; A, I.

Duvanin; V. V. Timonov; the scientific workei's B. A. Neleppo. L. M. Fomin,

Ye M, Suzyumov and others,

A resolution was adopted encouraging the continuing development of Soviet

oceanography,
("Conference of Oceanographers", Sovetskiy Flot, 27 March 1960, p. 4)

) epor o Yoyage of the anographic Regearch Vessel "Vitvaz! "

The Vityaz' has visited interesting islands in the Southern Hemisphere.
The expedition visisted there for the accomplishment of one of its most im-
portant tasks -~ the investigation of corals, so abundant in those regions
of the Indian Ocean,

At the port of Tamatave on the island of Madagascar, where the Malagasy
Republic was proclaimed two years ago, the Vityaz' was met by hundreds of
Frenchmen and citizens of the Malagasy Republic., They expressed their deep
feelings of friendship for the Soviet people. Representatives of various
classes of the population, after examining the scientific floating laboratory,
invited participants on the expedition to be guests in their homes,

) The French sclentists proposed a visit to the oceanographic station on
the island of Nossi-Bé., The station workers, after becoming acquainted with
the work accomplished on our expedition, expressed special interest in the
discovery of a new submarine mountain,

. CPYRGHT
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This discovery ocourrvd at tho time of routine rosearch in the western
part of the Indian Ocean, The echo sounding appoaratus, continually in operation,
suddenly indicated a sl'arp decrease in depth — from 4 kilometers to 1%.
Careful measuremsnts of depth confirmed the presence here of a mountain three
kilometors high.

The workers at the oceanographic station organized an excursion through
the island for our benefit. The island resembled & bo'anical garden, They
showed us plantations of coffee, black pepper and vanilla, We also visited
plantations of iland-ilang — an aromatic plant whose yellow flowers yield

volatile oils for perfumery,

Chameleons were inocluded among our souvenirs, These little animals felt
fine in their unusual marine surroundiings. They calmly wandered through the
cabins, surprising everyone with their sudden changes in color,

On the nearby little island of Nossi~Komba, in the coral reefs, the mem-
bers of the expedltion observed some lemurs, interesting inhabitants of the
tropical forests of Madagascar (lemurs are downy monkeys with long tails).
Two lemurs joined the complement of four-legged travelers on the expedition,

After several research stops ("stations") in the Mozambique Channel, the
Vityaz! approached the Comoro Islands., The ichthyologists were especially
eager to visit these islands because they are the home of the extremely xare

crossopterygii fish,

Our vessel visited the port of Dzaudzi -- the administrative center of
the Comoro Islands. The members of the expedition became acquainted with the
local countryside, where there are enclosures instead of houses and the
furniture is woven of palm leaves, A week later we entered the part of
sanzibar and were greeted with the strong aroma of cloves.

We saw many interesting things in Zanzibar, an old Portuguese port:
the house in which the famous explorer Livingston lived, the agricultural
experiment station, and the ruins of the ancient palaces of the sultans. The
traces of a slave camp can still be seen not far from the city.

In the Southern Hemisphere the expedition also called &t the Seychelles
Islands — the home of the Seychelles palm — the only of its genus, It has
a fruit weighing as much as 40 kilograms,

The last month was exceedingly busy for the expedition: the Vityaz?
made 45 stops — oceanogrephic stations; hundreds of samples of water and
dozens of samples of the sea bed were taken at these stations and a great
number of chemicel analyses and observations were macee
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The Vitycu' will soon aprlve at Bombay, and will thercaf'ter bopin the

final stage of its work whils emroute to its naotive ahoran,

("To Home Shoros", by L. Lhitrov, Vechornyuya loskva, 7 April 1960, p, 6)
’

Repord on the Atluntde Vovens of tho Regoarch Vessol "Lomonosoy"

The scientific research vessol Mikhail Lomonosov arrived in the port of
Kaliningrad yesterduy from its Atlantic voyage. The chief of the expedition,
V. f. Agoenorov, Candidate in Geographical Sciences, issund the following
statement:

"The Mikhail lomonosov has completed a 100-day expedition in the western
and northwestern Atlantic in fulfillment of the objectives of the Marine
Hydrophysical Institute of the Academy of Sciences of the USSR, Included in
our regearch was the study of wave action, hydrology, hydrodynamics, radic-
activity, chemistry, biolcgy, and marine geology".

"Along the entire 13,000 mile route we mude 132 brief stops, although
many lasted several days, For a distance of 10,000 miles we made measurements
of depths as groat as 5,500 meters, We took several cores of bottom materiel
with a length of several moters each for the purpose of determining the age
of ths Atlantic Ocean, Valuable informution was derived on the propagation
of light at great depths in the ocean".

"Owr meteorologists recorded exceptionally high cyclonic activity in
the North Atlantic in relation to past years, Collected date on this subject
will be studied in greater detailn,

"At the requost of the Institute of Oceanogruphy of the Derlin Academy
of Sciences (German Democratic Republic) our expedition was accompanied by
a group of German scientists who adhered to their own vesearch program",

"At Halifax (Canada), vhere we took a brief rest, our ship was visited
by more than 1,500 local residents, including many scientists and delegates
of the congress. The guests manifested great edmiration for the well

! oyl

u . :
(POne Hundred Days in the Atlentic", Sovetskiy Flot, 17 April 1960, p. 2)

Manganese et opn the Flo 'gi the Northeastern Pacgggg

The following is the full text of en oceauographic report appearing in  1

the Doklady Akademii Neuk SSSR. \
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Menganese formetions aro very widoly sncountered in the flyor deposits
of tho northeastern part of tho Pacific Quean. Mangancoe dloxice is en-
countored in the form of manganese concretions in various forms and sizes,
manganegse incrustations covering fragmentas of sedimentary and volcanie rocks,
nodules ~f manganese scattered in strata of red clay, and finally, in the
form of individual lenses of manganose at various depths in core samplea of
bottcm deposits. Nodules of manganese of sand or gravel size are a commor:
constituent of deep-wator ved clays and are found in many core samples,

The preaence of manganese concretions in the northeastern part cf the
Pacifi S)cean was mentioned for the firci time in a work by Murray and
Ronara\s , based on data from the expedition that sailed aboard the
"Challenger", In recent years the widespread distribution of manganese
incrustations and concretions on the submarine highlands in the northeastern
part of the Pacific Ocean has been noted ir works published by associates of
tho Soripps Institute of Oceancgraphy (1-3).

Mangaiese concretions have been discovered in the zone of development
of red clays (Figure 1), The maximum amount of manganese concretions was
encountered in the central deep-water part of the northeastern basin of
the Pacific (wean at depths of 5,000 to 6,000 meters, Their extensive de=—
velopment has olso been observed along the American coast in the region of
the Murray and Mendooino faults at depths of 4,500 to 5,000 m and to the
south of the Murray fault, between 25 and 20° N.,, at depths greater than
3,500 m, The northern boundary of development of manganese concretions
near the American coast passes approximately along the Mendocino faull at
40° N,, while in the region of the cemtral part of the basin it is at 45°
N, Only very small individual concretions are found to the north,

The distritution of sanganese concretions and incrustations in the

northeastern part of the Pacific Ocean 1s shown in Figure 1‘;' the map shows
the data for the Vityaz', but also for the stations of the "Challengsr" and

the Scripps Institute of Oceanography,

Manganese concretions were discovered at 27 of the 46 statlons of the
Vityaz' in the region in which red clays are developed, Concretions were
encountered most frequently in the central part of the northeastern basin
of the Pacific Ocean, where concretions were discovered at 3 out of 9 of the
astations, Following in frequency was a region situated to the east of the
Hawaiian Islends, between 25 and 20° N, Concretions were discovered at 2/3
of the stations in that area., Concretions were encountered at 1/3 of the
stations near the American coast in the region between the Murray and

Mendocine faults,

Interesting data were derived on the basis of computations of the areas
occupied by concretions on the sea floor, In the region between 25 and 20° N.,
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to tho cuot of tho Huwaiinn Islunds, 8 sampleoo wsro drodged from the bottom.
The arug of ono bottom-dredgod sample wus 0,25 m®, whilo the arou of 8 samples
wag 2 m“, Tho arou of conerctiono collostod in tho surface layer of do=
posito In tho 8 bottom-drodged oumplous was 0,1665 m?, Thus, 1/12 of tho

area of tho surface of the sou bottom in this region wap‘occupted by mangunone
concretions, Bul thore la un unoven distributlon of concretinns within the

. limito of this uren. The aros occupled By concretions in the various bottom-
dredgoed samples varied from 12 to 625 om=<,

Tho dotermination of the areu ocecupled by mangunooe concretions in the
bottom dredgo wao accomplishod in the following mannor, The manganese
concretlions in tho surface layer of the bottom-dredged sample were firat
collectod and compactly laid out on graph paper; the area they occupied was
then calculated,

An intereoting peculiarity of tho distribution of concretions is their
close relationship with the churactor of the relief, The manganese concretions
of the northeustern part of the Pacific Ocean are devoloped in a zone of
dissected rellef, This coincidenco is not accidentul, The dissected charactar
of tho reliof and the extensive development of concretions is evidence of the
slcw rate of sedimont formation — ono of the necessary conditions for the
growth of manganese concrotions, At the same time, the decomposition of the
volcanie rocks outeropping in the zone of dissected relief is;, in all
probability, one of tho sources of the manganese (2).

The form and size of the concrotions within the limits of the northeastern
part of the Pacifis Ocean also varios sharply, We encountersd concretions
from several mm to 18 cm in diameter, but most commonly their average size
varied from 3-4 to 5-7 cm. The concretions are oval, sometimes spherical,
potato-shaped, kidrey-shaped or pancake-shaped and very often are of a
fantastlc shape, In the central part of the northeastern basin at station
No, 4,090 there were oval, sometimes spherical concretions, less commonly
kidney-shaped, of a maximum size for this region, from 3-4 to 10-12 cm, most
commonly 5-6 cm (Figure 2a). To the north of stations Nos, 4y 074~4y10L there
were smaller oval and kidney-shaped concretions from 1 to 7 ooy, most commonly
3~4 cm in diameter (Figure 2b), Near the northern boundary of development
of red clays the dimensions of the concretions decreases to 1-1.5 om in
diameter (stations Nos. 4,070 and 4,068)., Large concretions were alsc dise
covered in the region between the Murray and Mendocino faults, Here the
majority of concretions are from 6~7 to 10~12 cm, potato-shaped;, flat, and
more rarely — spiral shaped, To the south of the Murray fault, to the
south of 25° N,, most concretions are small, pancake-shaped or oval, from
1.5 to 5-6 cm, but most commonly from 3 to 4 cm.

The majority of the manganese concretions have a nucleus, Simple oval,
egg-shaped and sperical concretions usually have one, sometimes two nuclel,
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Complex kidney~-phuped und fantustic forms of consroticns have multiple nucledi.
Rathor often the sonwetions have no nuclei, The nuclei of the conoretions
conoist of nodulos of pumice, voleanle und sodimontary rocks, and loss
commonly of shurka! teeth und tho eurbonos of whalon., The sharks! teeth

und whale earbones woro usually woll pronerved in tho conoretions which we
oncountored., Tho nucled of volcanic und soedimentary rocks had very ofton
ohangod markodly, to clayey material, and in somo casos had boen com-

plotely replaced by munganese dioxide,

An examination of u groant quantity of concretions hus shown that their
form depends not only on tho prepenco of ono or more muclel situated close
to one another during the formution of the concretions, but also on tho
character of the nucleus.,itself, Oval, egg-shaped or potato-shaped con-
crotions ore usually formed uaround nodules of volecanic rock, Concretions
with nuelel of sedimontary rocks are usually flat, Oval concretions are
formed around sharks' teoth; less commonly sharks! teeth serve as the nmucleus
for pancuake-shaped formatlons,

The diotribution of concretions is not linked to the surface of the
soa bottom., Ao the authors (4) of the material for the Downwind Expedition
in the southeastern part of the Pacific Ocean have noted, small manganese
concretions were situated at a depth of 8-11 cm from the bottom surface, in
6 cases at a dopth of 48-72 cm, No coneretions were encounterec at greater
depths, Our concretions — varying in size from 1 to 6,0 cm in diameter —
wore encountered in 8 cores to depths of 288 om,

The presence of concretions in different horizons of the cores indicates
the development of processes of formation of manganese concretions over a
prolonged geolagical perioed,

Together with the nodules and concretions one of the widely developed
forms in which manganese dioxide is found in the ocean are the manganese
incrustations covering bedrock outcropping at the bottom of the sea or
covering boulder-pebble material,

Finally, at three stations on the 29th voyage of the Vityaz' (Nos. 4,199,
4,261, and 4,279) lenses highly enriched with manganese were encountered
in the cores of red clay and silty-clay coze, These were black, very pro-
nounced lenses with a thickness from several millimeters to 1,5 centimeters,
At station No. 4,199, at a depth of 36,5-47 om under a cinnamon-colored
clayey mud, there lay an ocher-colored very dense clay; passing through the
uppor part there was a lens of manganese 1,5 om in thickness, In addition,
there were several millimeter-thick manganese lenses and individual nodules
of manganese in the clay. At station No. 4,241, in a stratum of reddish-
cinnamon colored dense clayey mud at depths of €2-86 cm and 125,5-130 cm,
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there wore layers of a light oinnamon color of very dense olay with lenses
of manganeso 1 om thick, At station No. 4,279, in a chocolate-colored clayey

Table 1

mud, there were layers (169-188 om) of u grayish-yollow dense olayey mud
with two lonses (1.5 c¢m thick) of ocher-colorod clay with thin flakes of

manganese,

The presence of horizons of dense bright yellow slay with lenses of
manganese in a stratum of reddish-cinnamon and chocoluto olayey muds is
ovidence, it seems to us, of the redistribution of wanganese in the process

of diagenesis,

VERTICAL DISTRIBUTION OF CONCRETIONS IN RED GLAY CORES

Approved For Release 1999/09/08 :
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No, of Depth at which Number of Diameter,
Station situated, in om concretions om
4196 129-134 2 5 Pancake-shaped
283-288 1l 5 Kidney-shaped
4201 36-38 — —
42-49 2 4=5 Kidney-shaped
49-55 small scatter-
ed concretions 0,5~1 —
4207 263-267 1 4 Oval
4261 73 1 fragment 2y5 Kidney-shaped
4273 71-86 3 5-6 Oval
119-12% 1 555 Oval
4285 0-15 small scatter-
ed oconcretions 1,5-2 —_
4293 6467 1 3 Oval
CPYRGHT
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Fig 1. Chart of the distr:bution of manganese nodules.

(1) manganese nodules, (2) manganese crusts, (3) boundary
of the occurance of manganese nodules. The numbers.on the
char{ indicate the numbers of the stations: L066-4331 of
the Vityaz', 241-258 of the Challenger, 1-T of the North
Holliday, 662-665 of ships of the Scripps Oceanographic
Institute.
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V. SEISHOLOJY

Bepert on Lnrthouakoy on Kamchatka

On 4 Moy 1959 at 1916 hours (local time) the rosidonts of Potropavlovsk
wore witnessos to un intonse earthquake., According to tho datu of the
seismic station "petropavlovsk", the earthquake epiconter was situated bo-
neath tho floor of tho Pacific Ocoan at a distonce of 160 km from the city,
at approximately 52°48' N,, and 161°05' E,

On the basio of appearances and the resulting effects, the earthquake
has been estimated at intensity 7-8, It exceeds all earthquakes observed
on Kamchatka during tne lust 35 yoars.

Secondary earthquakes wore recorded by the seismic station between 5
and 12 May; they were felt in that city with an intensity somewhere between
3 and 5, Their eplcenters were situated in other regions of the Kamchalia
selsmic zono =~ to the south and north-northeast of the city, at distances of
approximately 60 to 100 km, and also beneath the bottom of Kronotskiy Bay —
at a distance of 180 km.

The following phenomena were observed during and after the earthquakes,

New springs with a considerable amount of suspended volcanic ash appeared in
the vicinity of the Kamchatka State Farm, The water temperature increased
by 3° at the Paratunskiy hot springs. There were slides of soil and rock on
the steep slopes of Nikol'skaya Mountain facing Avachinskaya Bay, There was
earth creep in granular material along the shores of Avachinskaya Bay.
Observers from Cape Signal'nyy and Cape Shipunskiy reported chaotlc wave
action in the bay and ocean: small stending waves were noted on the surface
of the water, Similar phenomena in the ocean were observed by fishing
vessels situated at considerable distances to the east and southeast of the
epicenter, The records of the tidal gage in the port of Petropavlovsk show
that a weak tsunami approached the shores of Kamchatka, The first insignifi.
cant rise of water level in the bay occurred 45 minutes after the occurrance
of the earthquake., Weak variations of the water level in the port were ob-
served over a period of almost 12 hours., According to a report by an old

’ resident of "Walrus™ Bay, a small tsunami wave also approached that point.
Some time after the earthquake the water in the coastal zone dropped off
approximately 6 meters from the mean water level and then rose 1.5 to 2.0

. meters above it,
("Earthquake on Kamchatka", by G. P, Chertnykh, Priroda, No. 12, 1959, p. 111)

ghinege Degeribe Type-581 Selnmograph

An article giving information oﬁ the design, construction and testing
results of the Type-58l seismograph has been published in the November lssue
of the Chinese scientific periodical, Acta Geophysica Sinica.
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The Typo=58l solomogruph is intended for rocording omall lccal earthe~
quukes, It conslsts of a pick-up, amplifior and a recording system, The
plck-up 1s a pendulum (horizontal or vertlical) of tho usual electrodynamic
type, Tho amplifior is of tho capucitanco-~resistance ocouplad, push=pull
type, and tho rocording system conslsts of u recorder head with stylus
writing on smcked paper,

The frequency charucteristic response curve and phase characteristics
are shown in figure 12 (not reproduced here), The stability of the instrue
mont (amplifierguzuu givon particular attention, Figure 1l (not reproduced
here) shows the small variation of the magnification indicator, V,, of the
inotrument during 9 months of continuous operation at Statinn Peking, It
algo shows that during the first 6 months, V, dropped less than 2% monthly,
Correction can bo oasily made by determination of V, at suitable time inter~

ralo,

Figurea 13, 14, and 16 (not reproduced here) are reproductions of actual
records of the neismographs, Figures 15 and 16d (not reproduced here) are
rocords made by a similar instrument in which transistors instead of
olectronic tubes were used.

("Design, Construotion and Testing Results of the Type-581 Seismograph,! by
Hsu Shao-hsien, Institute of Geophysics and Meteorology, Academia Sinica;
Peking, Acta Geophysica Sinica, Vol 8, No. 2, 1959 November, p 109-122)

17 h

An article in the Chinese scientific periodical Acta Geophysica Sinica,
written by B. A, Petrushevskiy, Institute of the Physics of the Earth,
Academy of Sciences USSR, deals with studies of the seismicity of Chinese

territory.

The region under consideration consists of several zones geologically
digsimilar and of complex structure, The seismicity of this zone is
dependent on a number of factors, The tectonic movement of this region
while not very great is, however, sometimes very high as in the case of the

Hal-yuan earthquake of 1920,

It 1s possible to distinguish 5 separate large structural complexes in
the region being considered on the basis of pecularities in the development
of the tectonic movements, These 5 are the Nan Shan mountain range and the
K'u~-K'u-noerh ridge, the T'ien-t'al zone, the A-la-shan massif, the Wu-wei
to Shan-tan zone, and the Ho-lan Shan zone, Four of the 5 large structural
complexes are closely related to each other. The epicenters were located
partially inside and partially outside the boundarlies of the complexes., A
true understanding of thelr seismo-geoological characterlstis can be expected
only by a joilnt study of these complexes,

("Studies of the Seismicity of Territory People's Republic of China", by B,
A, Petrushevskiy; Peking, Acta Geophysica Sinica, Vol, 8, No, 2, November

1959, p 97-104)
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VI. OCEANOGRAPHY

gedov Salle on Now Scientific Vovape

The Soviet hydrographlc ship Sedov has sailed from the Baltic Sea on a
new sclentific voyege in the Atlantic Ocean according to an item in the
newspapcr Pravda, The item states that this is the world's largest salling
ship., It hag a displacement of about 7,000 tona,

("In & Few Lines," Moscow, Pravda, 12 May 60, p 4)

The "VYTYAZM" in the Pacific
by V. Monchenko, Junior Scientist of the Institute of

Zoology, Academy of Soiences Ukr, SSR

The curious gazs of man is ponetrating deeper and deeper into the mysteries
of the universe, The time is not far off when the earthling will put his
foot on the gurface of other celestlal planets, But our planet still conceals
within 1t quite a few unexplored areas, and the solution of these problems
will continue to challenge the human mind for a long time..

The International Geophysical Year in which scientists from 65 countries
took part has recently come to an end, and on 31 December 1959 the scilentific
observations under the program of the so-called international geophysical
cooperation were completed, Under that program the soviet ship VITYAZ was
scheduled to engage in scientific work in the Pacific to the southeast of the
Japanese islands in July-September 1959, Needless to say, I was enthusiastlc
about the offer to participate in the expedition of the VITYAZ from which so
many scientific discoveries had been made,

Three VITYAZ'es of the Russian fleet

eeodfter traveling by train from west to east almost all the way across
the country, I saw the snow=white hull of the expedition ship for the first
time, Spelled out on the aft side in old slavie letter was the word VITYAZ,
When we were assignsd to our cabins and laboratories, I went on deck to get
a good look at the ship, The ship'!s boatswain volunteered to be my guids,
But we had time to wisit only some of the laboratories, There were 14 of them,
inecluding an isotopic, meteorological, geological and several blological
laboratories with close to 70 sclentists working in them during the trip,

- On the main deck my attention was attracted to huge tarpaulin-covered
machines, The boatswain explained that those were powerful winches that can
be used for lowering instruments and equipment to a depth of 11,000 meters.
And during such operations the ship can remain motionless as the special
equipment, not found on any other ship in the world, makes it possible for
the VITYAZ to lower its anchor to a great deptho

_335.
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A voritablo floating institute and the largest solentifie-research ship
in the world, tho VITYAZ was namod aftor two Russlan shipo which had gone
down in the history of geography and oceanology. The first was a propellor
corvotto by that name; Miklukho-laltlay, the famous geographer and ethnographer,
gulled on it in 1871, The othor was a sall-propollor corvette on which Adm,
S. 0, Makarov engagod in his famous research work in oceunology in the 90's

of the last century,

‘essThore is always a solemn moment as a ship puts out to sea, There was
a command "anchors awayl" and a little while later "slow ahead", We finally
entorod the donse darkness of tho Sea of Japan,

Ahead of us were & month and a half of expeditiocnary work...
Ocean Currents

The VITYAZ rapidly crosses the Japanese in an easterly direction in less
than a day. On the next day we entoer the wide Tsugaru strait, To the right
of us 1s Honshu and to the left Hokkaido, the largest of the Japanese islands,
Ahoad of us are the vast spaces of the ocean, the largest in the world, care-
lepsly named "The Pacific™ by Magellan, We became convinced of Magellan's
mistake a little later when we were caught in three violent typhoons —— the
readers may recall the recent press reports about the thousands of victims in

Japan and the hundreds of ships washed ashore,

For awhile the ocean was placid and really "pacific" (quiet), and the
water clear and azure., That contributed to our successful work, The point
is that two huge ocean currents run through that particular place in the
Pacific: The Kurile (in Japanese: Oyashio, "the eucestral current") and
the Kuroshio ("blue current") which play an important part in determining
the climate and weather of the adjacent areas in Asia,

T+ was the purpose of our expedition to study the structure and movement
pattern of thegse currents,

Hydroblologists at Work

The plan of our department was to study the fauna of Oyashio and Kuroshio
and find the organisms whose very presence might be indicative of a particular
current, Only such slow-moving organisms as plankton can be easily carried
along with the current, We used thin silk plankton nets to catch them, A
special device makes it possible to close the net at the desired depth thereby
catching the plankton only at a particular layer of water.

But we woere interested not in the deep sea denizens alone, Creatures
inhabiting the upper layers of water also get caught in the trawling operations.

-3/ - \ CPYRGHT
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The seamen vho always crowded around our place of work were asking endless
quesatlons about tho odd-looking soa oroatures., 'The vitryltoye (sail fish)
are tho main object of attention, Wo explained that those were tho
syphonfory(?), inteatine~less oreaturos, A miniature triangular sail is
attached tu an oval-shaped flat objeot with a diameter up to 12 centimeters
floating on the surface of tho water, These very tiny creatures use that
sail in swimming on the surface of the water. Curiously, the gyphonofory
can put up thoir sulls against the wind and swim in tho "desiyad" di-

roction,

But the Portuguese boats (nawe of a fish) are not very popular with the
seamen, You must watch your hands whon pulling out a trawl or a netful of
fish when those creatures are among them, Their bite is 1like a bee sting or
a stinging nettle burn., Suspended from the air-filled bubble that steers
the creature with the wind is a large number of long and very thin tentacle-
feclers with stinging tips that paralyze the smaller ereatures to be used
for food by these queer-looking objects,

Light Attracts the Catch

Life on the boat goes on at a measured pace, Different devices are
lowered into the ocean depth every 20 hours: bathometers, trawl nets and
plankton nets. The deily worksheets are rapidly filled with figures and
notations, The ship then resumes its sailing for another 8-9 hours and comes
to another stop, This went on day in and day out until the storm interrupted
the work for two-three days, At night the seamen off duty would relax by
fishing, They would lower a powerful electric light into the water which
attracted a large variety of sea denizens. Leisurely swimming past the
light across the illuminated area are medusae and yaks... reflecting the
gof't vivid green light for a long time... A silver-colored gaypa suddenly
approaches the light,,, But this is not what attracts the seamen, Every
now and then they hook a shiny sayra or & blunt-nosed korifena which keeps
changing its color from brown to white, Such a catch would be the envy of

any fisherman.,,

Someone pulled a sea urchin onto the deck, It immediately begins to pant
aloud and inflate its white belly as if intending io frighten us, In its
natural habitat this fish always resorts to such tricks as a defense against
its enemles, When this fails to check the enemy, he would most likely put
’ out his sharp bristles that cover his entire body. Incidentally, these
brlstles are nothing more than the scales of its ancient predecessors
changed in the process of evolution,

But most frequently caught are the flying fish, These are very odd
creatures, A thin diaphragm strung between the side fins is used as a "wing,"

CPYRGHT .
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The fish steps up its spood in the water, then jumps out and glides with the
wind for several dozen meters, Sometimes it propels itself on the surface

of the water; powerful movements of the tail accelerate its speed and it con-
tinues its flight, The fish can thus fly 150 aad even 200 meters, Attracted
by the olectric light, it occasionally jumps into the air and flies toward
the ship, In such cases it hito against the ship and, apparently stunned,
drops to the water lying there motlonless. It 1s then fished out by the
soumon with nets attached to long cords,

They drop their nets with unsurpassed skill straight on the fish., My
first unsuccessful attempls to gain proficliency in this respect were met
with good-natured jokes, The seamen tried to help me by advice or personal

oxampie,

On the Biography of the Octopuses

The improvised lerson is suddenly interrupted by an outery., ILoolk,
octopusesll) Dozenr «{ nets are dropped into the water, Following them with
nmy eyes I noticed a uunber of fast torpedo-shaped creatures; their sharp move-
ments frighten the surrounding fish into panic scattering them in all di-
rections in search for safety. Some of the seamen were very surprised when
wo, the zoologists, told them that the octopus propels itself on the same
principle as a rocket, By releasing a powerful stream of water through a
special funnel~like opening, the creature moves in the opposite directlon.

It can change its direction and make sharp turns by turning the funnel

opening, -

The octopuses feed mostly on fish,- When pulled out of the water and up
on the deck, they would eject a dense black fluid, sepia, which they ordim=
narily use as a camouflage when forced to flee, The octopus uses that fluid
to create what looks )ike a smoke screen and escapes under its covere

And how about tasting the octopus, someons inquired, It is eaten by
the coastal population in Italy, Japan and other countries, It is even con-
sidered a delicacy, We finally prevailed upon the cook to prepare that
ndish" for us, He was at first somewhat reluctant but finally agreed to do
it, The roasted octopus turned out to be delicious, It tastes a little like

shroom,
("The Vytyaz in the Pacific® by V. Monchenko, Kiev, Znanya ta Pratsyie, No. 4, CPYRGHT

April 1960, pp 18-19) J
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VII., ARCTIC AND ANTARCTIC

Arotic Dri Statlion "Seve

The following is the full text of a TASS dispatch datelined Leningrad
on 29 April: CPYRGHT

"Today the chief of the new sclentific drift station 'Severnyy Polyus-
9', V. A, Shamont'yev, in & speciel radiogram sent to the Arctic and
' Antarctic Institute, reported on the solemn inauguration of the drift station,
ghi gtate flag of tho USSR was holsted over the ice floe and a rally was
eld", ’

"The camp of the 'SP-9' is laid out in the midst of the ice floe.
Four hutments, a mess hall, and & galley have been constructed there for

the polar specialists. A meteorologioal station has been established and

(18 U} 3 BOI0 1)1 . ole

SR Has Beenfﬂoiated Over th 'SP—é' " S;vetakaya

the US

CPYRGHT#A

The well-known fact of great seasonal variations in temperature at
heights of 20 to 25 km above the region of the South Pole has received full
confirmation during the period of the International Geophysical Year, The
recorded absolute values for temperature, however, have exceeded expectations:
the minimum temperature in the stratosphere over the pole (~93°) was obgerved
on 17 July 1958 at the 25 andOBO mb surfaces (approximate elevation — 23 to
25 km), while the maximum (-1") was observed on 24 October of the same year at
the 5 mb level., For the 25-30 mb levels the maximum temperatures ranged
between =20 to —258; the amplitude 8f seagonal changes of temperature over
the South Pole therefore attains 70 . We note, as can be seen from Figure 1,
that the seasonal difference was 550 even for the mean monthly wvalues of
temperature at this elevation; this is almost twice as great as the seasonal
differences in temperature at the earth's surface and is almost four times
as great as in the middle troposphere at an elevation of 4 to 5 km,

’ Obviously, such sharp seasonal changes in the temperature regime in the
stratosphere over Antarctice will be expressed in the conditions of alr
circulation at these heights, substantially different in winter and summer.
Whereas the circum-polar plateau and the Antarctic continent as & whole
remain year-round a source of cold for the lower layers of the atmosphere
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and the lhorizontal tomperature gradient in the troposphore at no time changes
ite direotion, tho ploture in the stratosphere is substantially different:
the upper layors of air over Antarctica are varmer in summer than over the
tomperate and low latitudes although there are exceedingly low temperatures
here in winter, as at thc earth's surface, (In passing it might be mentioned
that approximately tho same minimum temperature, about =90°, was recorded

in the stratosphore and at the earth's purface in the central part of the
continent,) .

As can be seon from Figure 2, air olcoulation in tho lowermost strato-
aphere, near the 200 mb surface, is characterized at all seasons of the year
by & oyclonie vortex (sometimes several), centered over the circumpolar
plateau, but not over the geographic pole itself, In the winter the center
of the low is wsually situated over tha western half of the plateau, while
in the summer it is displaced in tLe direction of the Ross ice shelf (but it
may also appear over other reglons adjoining the pole as, for example, in
April)., The resultant wind over the station Amurdsen at the 200 mb level is
westerly, 20-40°, that is, from the direction of the Weddell Sea, from the
Atlantioc Ocean, In the summer months Pacific Ocean winds at this level are
most commonly observed, but in general the summer air currents over the
central reglons of Antarctica are unsteady in direction; this fully corres—
ponds to the status of the temperature field at this season of the year,

The horizontal temperature gradients in the stratosphere over the Antarctic
are very smally the Atlantic Ocean and Indian Ocean sectors are only a few
degrees warmer than the Pacific Ocean sector. '

- If we examine the higher levels, represented by the 50 mb maps
(Figure 3), we discover that there is no year-round cyclonie vortex over
the Antarctic, as exists in the lowermost part of the stratosphere, The
differences in the height of the 50 mb surface in December and January
above the individual Antarctic stations 1s so insignificant that to all
intents and purposes it 1s difficult to discover any systematic inclination -
of this surface, The velocity of the latter over a majority of the stations
1s small (10-15 km/hr) during the summer season, S

The velocity of the wind over Antarctica increases perceptibly in the '~
spring and fall in comparison with summer, but in the center of the low it
romains low; on the periphery, however, the wind velocity exceeds 100 km/hr
even on the mean monthly maps, Over the individual stations it often :
attains values of 250 km/hr in the cold season and sometimes even reaches
500 km/hr (for example, the station of d'Urville on the Adelie lLand coast,

18 September 1958),

Strong westerly winds at great altitudes or the stratospheric jet stream
encircling the Antarctic continent, have & scssona™ character. It erises in
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the full, in March, whon tho atmoaphere above tho polar plateau cools off and
tie interlatitudinal temporature gradient becomes pronounced. In winter,

as the difference in the tomporature of the atmosphere over the Antarctio
continent and the oceans of the teup rate latitudes inoreasos, tho intonsity
of the jot otream inoroases, It atiains a maximum in the apring, in October,
bofore tho roturn of the Sun and tho assoclated heating of tho atmoaphore
(which does not ooour simultaneously at all latitudes); in Ootober tho Sun
hao not yot influonced tho region of the ciroumpolar plateau, In Novembor
the velocity of the wind beginn to deoreamse; this is caused by a gradual
hoating of tho alr over the central regions of the Antarotic continent which
londs to a docrease in the values of interlatitudinal temperature gradients,

It is interonting to note that the winter stratospheric oyclonic vortex
over the Antarctic is quite symmetrical in respect to tho foous of the cold
in the stratosphere above the continent; its center is not over the geo-
graphic pole, but approximately over the Pole of Inaccessability, that is,
over the conter of the continent, This indicates that at this elevation
tho oirculatory and temperature regime in the atmosphere to a considerable
dogree depondo on the underlying surface; the influence of the latter makes
itself felt more strongly than the influence of the astronomical position of
the Sun, Apparently above tho 50 mb surface the dominant influence of the
underlying surface will not be .o evident or will become totally imperceptible;
at this level the mean monthly temperatures in the region of the geographic
pole are alroady the same as at the station of Sovetskaya, the closest to the
Pole of Inac.ussability, although at lowerlying levels they were somewhat
greater, This is easy to observe by an examination of Table 1, which gives
the mean monthly temperature values for the 200 and 50 mb levels forra = -
group of stations situated along a line running through the South Pole from
the Falkland Islands to Campbell Island in the Pacific Ocean, This same -
table cnables us to evaluate the differences in the temperature regime of
the stratosphere over the high and temperate latitudes of the Southern
Hemiaphere, as was discussed above,
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(in degrees Celsius)

Name and ocoordinates of 200 md
station

Jan Apr July
Stanley, 52°98., 58°E, =52,5 =53,5 =57,7
Oroadaﬂ, 6108" 45030 "'“'7 hautend "64’2

Deception, 64%S,, 64°E,  -42,8 -53,7 -68,5
Halley Bay, 769S., 27, =42,7 =55,0 =74,5
Ellaworfh, 78°S., 41%W,  =43,0 -55;6 ~72,9
South Pole, 90°S, -44,0 =52,9 73,0
Sovetskoya, 78°S., 88%E, -45,1 -58,5 75,4
lickurdo, 78°S., 167°E,  -43,3 =53,0 -68,2
Hallet, 72°S., 170°E, ~41,8 -51,'5 -67,8
d'Urville, 67°S., 140°E, =40,9 =50,5 =65,2
Campbell, 53°S., 169%E.  =49,3 52,3 =59,5

December data is provided,

Table 1

Oot

-60 ] 2'

-€1,4
65,7
71,8
=70,7
72,8
72,6
66,2
61,2
59,3

‘53’0

Doc

=34,8
~34,8
=345
-35,0
36,7

""32’ 5

MEAN MONTHLY TEMPEKATUNE OVER ANTARCTICA AT THE 200 AND 50 mb SURFACES IN 1958

50 mb

Jan

"'36’8
"36’8

"37,2
"38,6
-32,2

Apr

-61,0
60,0

"56’0 :

=46, 0

64,6
-65,3
-65,3
-56,3
-58,9
=35,0

Note: The 50 mb data for July are missing., Inasmuch as there &re no data for this
level for the station of Sovetskaya and a number of other statlons for January,
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Fig 1. Mean monthly temperature over stations at the South
Pole in July (a) and January (b) 1958. The number
of radiosondes reaching a given altitude are shown
in parentheses.
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July
H cyclone | : . *  Resultant wind
—U43  temperature ,——50 knots Llﬁ-knots

1048 _ contour lines > 5 knots __ __ Jresultant wind de-

- terminded from in-

complete.data '

Fig. 2. Circulation and temperature regime at the 200 millibar
‘ surface over the Antarctic in different seasons ‘of 1958.
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December ) Oeg:?ber
H cyclone - Resultant winds
, —38 temperature o 100 knots ——5 knots
wind current W— @5 knots - resultant wind
P ﬁ ' ,;7,'7"_ determined from
,1950\ contour line incomplete data
- Fig 3. ' Circulation and temperature regime at the 50 milli-
bar surface over the Antarctic 1n different seasons
of 1958

("On the Wind and Temperature Regime in the Lower Stratosphere Over Antarctica®, p
by P. D, Astapenko, Doklady Akademii Nauk SSSR, Vol. 131, No. 3, 1960, pp. 616—619)
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Murthor flevort on Determination of Abpolute Elevatlons in Anturctica =
Ancther Full Tropglation Lrom.ihe.Heperto of the Agademy of Sclenceg of tho

U3oR! CPYRGHT

Ono of the principal taske of resesrch in the Antarctio is the determina-
tion of the relief of the sixth continent, in partioular, the elevation of tho
ico dome which occuples a large purt of its surfuce, These doterminations and
the druving of a hyposometric map of Anturctica are independent goographical
problems, but u number of othor problems in meteorology, glaciology and gravi-
metry are closoly asvociated with them,

In actuality, without knowing the procise values for the elevation of
the continent, we cannot solve the problem of the position of the lower boundary
of tho ice cover, thut is, we cannot determine the subglacial relief of the
continont, Without knowing elevations, we cannot determine the true field of
air pressure over Antarctica, without which it is impossible to solve the
problem of air ecirculation in this region of the globe;-

But all detorminations of elevationaxin Antarctioa, and especlially in the
interior regions of the continent, are subject to great difficulties, The
fact 1s that ordinary instrumentel levelling,. providing great o curacy in
determinations, is presently impoasible in Antarctica on lengthy traverses due
to extromely great difficulties in respect to climate; ordinary barometric
lovelling is inexact due to our lack of knowledge of the values for the
pressure anomalies constantly existing over the continent, causod by the
thermal influence of the Antarctic ice mantle., Moreover, the latter method
is penorally undesirable when solving meteorological problems because it is +
this anomaly that needs to be determined, based on a knowledge of the precise
values for the elevations of the area. That is the reason why a great deal
of attention has been devotod to this problem and why methods have been de-
veloped to make it possible to exclude the influence of the pressure:anomaly
on the value of the determined elevations of the continental dome.

The method of determination of elevations from an airecraft flying beyond
the limits of tho distorting pressure field of the cold layer of air has
proven very effective, The altitude of the aircraft in this case was deter-
mined by the ordinary barometric formula while the distance from the aireraft
to the surface of the dome was détermined by radio altimeter, The difference
in these values yielded the height of the surface of the dome above sea level,
This method was used for the first time on the first expedition; the ele-
vation of Pionerskaya, the first station in the interior;. was accurately
determined by this method, This method;' in perfected form, was used ex=' -
tensively by V. A. Bugayev on the third expedition, Figure 1 shows the pattern

of flights made over Antarctica,
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As o rosult of all thewo measuremonts the expodition's flagship navigator,
B. S, Brodkin, who participatod on the prineipul flighta, has compiled the
firust hypsomotric map of a considerable part of Eastern Antarctioan, The ac~
curucy of tho measurements made, satiafying the requirements for the solution
of certuin problems, has proven inadequute for the solution of a number of
others, For the purpose of lnoreasing the accuracy of determinations, the
Inotitute of Applied Geophysics of the Academy of Scionsces of tho USSR hus cone
: ducted a wsearch for a new method of dotermining elevations; this mothod should
not be dependent on the moasurement of atmospheric pressure, It has beon pro-
posed that we detormine the height of un ailrcraft flying over the domo by
' moans of the continuous recording of its vertical movements or vertical
accelorations from the moment of take-off,

The vertical speed of the airoraft, recorded on a tape moving proportional
to time %, is some function u= f3(t), while its vertical acceleration is
du/dt = f£2(t). The desired value for the height of the aireraft H is deter-
mined by Integration, that is, by determination of the area of the curve of
the vertidéal velocity of the alrcraft or by successive double integration of
the dependence of vertical acceleration on time

(F) | (1)

The measured height of the area above sea level is determined in this case
by the difference in the values of the height of the aircraft and the distance
from the aircraft to the surface, determined by the radio altimeter,

The vertical veloolty of the airoraft can be continually recorded by a
variometer — an aircraft instrument determining this element of movement by
the velocity of change in pressure, This 1s a quite reliable method (within
fixed limits), not depending on the absolute value for pressure; stricter de=-
terminations, however, are made from the vertical accelerations, recorded by a

special accelerometer,

- The accuracy of determinations of height by this method will depend in
turn on the acouracy of two measurements: measurements of the height of flight
and measurements of the distance from the alrcraft to the surface, Calcu-
lations show that the accuracy of the first measurements made during a multi='
' hour flight can be held to 10 m,; the accumulated error can be determined when
returning to the initial point of flight, Radio altimeters can also provide
the indicated accuracy. Presently available radio altimeters do not give a
e totally clear reflection from a surface of loose snow but this shortcoming in
the method can be eliminated if a low-level flight is made (or, if possible,

a landing)., In such cases there is of course no need for using a radio

altimeter,
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Tho two mothods for the determination of the vertical velocity are not
suf(iclontly prociso during plane tuko~offs and landings; thereforo tho
instrumont muut bo turned on uftor take-off, the initial hoight being doter-
mined by means of a rudio vltimeter., This is especially conveniont to do
vhen flying ovor tho surfuce of the soa, It is also necesoury to proceed
in this mannor beforo landing after roturning from a flight,

The principle described above forms tho basis for an instrument developed
by A. . Cusev and N, I. Lozovskly. Using the instrument in the final
ptages of the third and the beginning stugea of the fourth expedition, A, M.
Gusov made determinations of the elevation of the ice dome of Eastern
Antarctica along tho route indicated by a dotted line in Figure 1, The
flight route lay over Wilkes Land in the direction of Victoria Lane; it
lasted about 13 hours, This was the first such flight ever made in this
roglon and tho ice domo had been completely unstudied. During the £light
V. A. Bugayev and Y, I, Shlyakhov also determined the elevation of the ice
dome by the earlier method of using an aneroid barometer,

We derived the elevations at different points along the flight route
by the processing of the instrumental recordings, The maximum elevatlon
proved to be at its most distant point, which we reached 6 hours after de=
parture from Mirnyy. Thereafter the area began to drop off, In Figure 2,
1 shows the profile of the area along the route Mirnyy-Pionerskaya, the
most distant point of the flight,. with the coordinates 72°23' S,, 130°30' E;. -
2 -= the altitude of the flight,

The elevations determined by the new method proved to be somewhat
greater than the elevations determined by the aneroid barometer along the
ontire flight route to. the point indicated.. The maximum discrepancy was
122 m, This discrepancy must be regarded as correct since temperature
observations showed that the aircraft was at all times within a cold layer

of air,

It is interesting to note that the value for the discrepancy changed
in complete correspondence with our concepts of the influence of the
pressure anomaly caused by the presence of the cold layer of air over ths
Antarctic dome, In those cases when the aircraft flew high above the sur-
face, that is, close to the horizontal isobaric- surface; the discrepancies
in determinations by the two methods decreased, but when the aircraft de-
scended the discrepancies increased., It should be noted that both methods
have their positive and negative aspects and for the time being they should
bo regarded as supplementing one another, - .
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Fig 2. Profile of the locality (1) and the- altitude (2) "
of the flight to Wilkes Land

("Toward the Determination of the Absolute Altitude of the Antarctic Ice /
Dome®, by &, N, Gusev, Dolclady Akadenii Neuk SSER, Tol. 130, o, 3, PP 530~532)
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